
EFFECTSOFTIMBER HARVESTTREATMENTSON
UNDERSTORYPLANTSANDHERBIVORESIN

NORTHEASTERNCALIFORNIA AFTER
40 YEARS

Robin S. Vora
University of Idaho, Moscow, ID

Present address: U.S. Forest Service, 318 Forestry Rd.,

Aurora, MN55705

Abstract

Effects of five timber harvest treatments were evaluated in a pine forest after 40

years. Trends are presented for plant cover, frequency, density, and biomass, as well

as on use by three herbivores. Tree growth, mortality, and high natural variability

reduced differences among treatments over time. Strongest correlations of understory

biomass were with litter, tree dominance, and elevation.

Timber harvesting is widespread in the Pacific Northwest, yet data

are lacking on the long-term (>20 years) effects of different timber

harvest methods on understory vegetation and subsequent use by
herbivores. The purpose of this study was to evaluate the vegetation

recovery 40 years after logging in a pine forest in northeastern Cal-

ifornia.

Methods

The study area was in Blacks Mtn Experimental Forest, Lassen

Co. Approximately half of the study area is in a gently rolling basin;

the rest extends up moderate slopes to the north and east. Elevations

vary from 1700 to 2100 m. Forest vegetation is characteristic of the

Interior Ponderosa Pine type (Eyre 1980) and descriptions specific

to the study area are provided in Hallin (1959) and Vora (1988a).

Timber volumes (trees larger than 29.5 cm diameter at 1.4 m) were
about 105,000 to 1 16,500 mVha prior to logging (Hallin 1959).

Effects of timber harvest were measured within blocks subjected

to six treatments: control (no cutting), 3 levels of partial cutting

(removal of 15%, 55% and 75% of timber volume designated as

light, moderate, and heavy partial cuts), removal of small groups of

trees 29.5 cm diameter and greater (diameter limit cut, about 95%
of timber volume), and light partial cutting followed by removal of

small groups of trees 1 0 years later (group selection). The light partial

cut consisted of removal of insect-damaged trees. A total of about
30% of the original timber volume was removed in the group se-

lection treatment over a 10 year period (1949-1957). A randomized
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block design was used and 4 to 6 treatments were allocated randomly
to 8 ha units within each of 5 blocks. These treatments were initiated

40 years ago for a study of tree growth (Hallin 1959). There were
no post-harvest treatments and all regrowth was natural.

To estimate treatment effects, 1 0 plots were randomly placed along

a transect in each treatment unit and the tree density (100 m2 plots),

tree cover and frequency (25 m2
), shrub biomass (9.3 m2

), herba-

ceous biomass (0.84 m2
), and litter-duff-ground layers were mea-

sured as well as droppings of mule deer (Odocoileus hemionus),
snowshoe hare (Lepus americana), and cattle (25 m2

) (Vora 1986,

1988a, b, c). All field work was completed between June of 1983
and August of 1984. Plant nomenclature is according to Munz (1973).

Data analyses methods included analyses of variance, multiple com-
parison tests, correlations, principal components analyses, and step-

wise regression (Statistical Analysis System 1982).

Results and Discussion

Effects on vegetation. Comparisons of effects of timber harvest

methods show some trends (Table 1). The density of large trees was
higher in the uncut control. Tree basal area, total tree density, and
density of small trees were higher in the control and light partial

cut. Pole-sized trees were less common in the control. Emphasis on
removal of C. decurrens in cutting prescriptions (Dunning and Hasel

1938) was probably the reason for significantly more of that species

in the control plots. The fewer Pinus species trees in the heavier cuts

was probably due to replacement by more shade-tolerant A. concolor.

Reduced fire frequency caused by fire suppression probably helped

establishment and survival of A. concolor seedlings (Agee et al. 1978).

More snags were observed in the control and lightly cut treatments

(light and moderate partial cuts, and group selection). Perhaps, dif-

ferences among treatments in cavity-nesting birds could be detected.

More small trees were expected in the heavier timber cuts. Instead,

more seedlings and saplings were found in the control and light

partial cut stands. Treatment means for age of saplings (2.5 to 14.2

cm dbh) were remarkably similar, 48 to 53 years (range of 33 to 100

years). This did not vary with either species or tree diameter. This

finding supports the observation by Gordon (1967) that nearly all

the young growth on Blacks Mountain pre-dated the original timber

harvest treatments (Gordon's estimate of 90 years is much higher

than mymeasured mean of 48 to 53 years). Gordon (1967) suggested

that most of the understory probably originated soon after sheep

stopped grazing the land and left a good seedbed. Dunston and
Wieslander (1933), in their establishment report on the Blacks

Mountain Experimental Forest, reported that it was then grazed by
50 head of cattle and 1200 head of sheep between 1 June and 30
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September, and the range condition was "good." Conditions after

the 1939-1952 timber harvests were apparently not as favorable for

natural tree regeneration; seed availability, climatic factors, biotic

factors (seed-eating rodents), ground cover, competition by other

vegetation (Roy 1983), and possibly soil compaction in skid trails

(Vora 1988d) may have combined to be limiting.

Bareground cover and fuel loadings of all size classes were lower

in the control and light partial cut. Litter volume estimates were

higher in those treatments.

Non-random distribution of understory vegetation and only 3

replications of the light partial cut and diameter-limit cut made
trends in variables measuring understory vegetation shown in Table

1 difficult to interpret. Frequencies of Viola purpurea, Gayophytum
humile, and Collinsia torreyi were higher in the heavier cuts (mod-
erate and heavy partial cuts, diameter-limit cut) (Vora 1988a). The
frequency of grasses (family Poaceae as a group) was lower in the

control and lighter cuts (light partial cuts and group selection).

Overstory, litter, and environmental variables correlated with

shrub, twig, forb, and grass biomass (Table 1). The strongest cor-

relations (P < 0.001) with understory biomass were litter, total tree

cover, bareground cover, total tree density, number of small trees

(2.5 to 27.7 cm dbh), Abies concolor dominance (canopy cover,

densities by size classes, basal area), and elevation. Principal Com-
ponents Analyses did not contribute to data reduction for the pur-

pose of determining overstory-understory relationships. When run

with 2 1 variables, for example, sixteen components were needed to

describe 95% of the variance. Litter cover or volume was usually

the first term in descriptive equations predicting understory biomass
derived by stepwise regression. These equations, derived under the

assumption of cause and effect (Ffolliot and Clary 1972 and others),

explained 14 to 48% of the variance in microplots and 50-96% of

the variance in treatment unit means (Vora 1986).

Tree growth and high insect-caused mortality (Hallin 1959; Hart

1983) reduced differences in treatment effects on understory over

time. Gap openings in old-growth control stands caused by insect

mortality and, formerly, natural fire, created a mosaic of small,

even-aged clumps of trees of a variety of age classes. Such natural

heterogeneity probably existed 40 years ago when treatments were
applied, thereby making determination of treatment effects difficult.

Results were statistically non-significant (P > 0.05) because of high

variability and small sample sizes (5 blocks or replications).

Effects on herbivores. Snowshoe hare droppings were correlated

positively with litter and tree variables, negatively with bareground
cover, but not with any variables measuring understory biomass.

Snowshoe hares prefer dense forests (Bittner and Rongstad 1982).
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Mule deer populations were too low to allow analysis of effects of
treatments, and the 8-ha treatment units were probably too small.

Frequency of droppings in 25-m 2 subplots was 20% for mule deer,

35% for snowshoe hare, and 10% for cattle. Animal presence was
probably also influenced by factors such as water, predation, and
disturbance that were not controlled in this experiment. Both deer

and cattle were most common in the vicinity of sagebrush meadows
and water. Cattle were not found at higher elevations. Purshia tri-

dent at a, a favored browse species (Leach 1952) was commonat the

lower elevation meadow edges (Vora 1988a).
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ANNOUNCEMENT
The 1992 Jesse M. Greenman Award

The 1992 Jesse M. Greenman Award has been won by Sharon Elaine

Bartholomew-Began for her publication "A morphogenetic re-evalua-

tion of Haplomitrium Nees (Hepatophyta)", published as Volume 41

of Bryophytarum Bibliotheca. This study is based on a Ph.D. disser-

tation from Southern Illinois University at Carbondale, under the di-

rection of Dr. Barbara Crandall-Stotler.

The Greenman Award, a certificate and a cash prize of $500 is pre-

sented each year by the Missouri Botanical Garden. It recognizes the

paper judged best in vascular plant or bryophyte systematics based on
a doctoral dissertation published during the previous year. Papers pub-
lished during 1992 are now being accepted for the 25th annual award,

which will be presented in the summer of 1 993. Reprints of such papers

should be sent to Dr. P. Mick Richardson, Greenman Award Com-
mittee, Missouri Botanical Garden, P.O. Box 299, St. Louis, Missouri

63 1 66-0299, USA. In order to be considered for the 1 993 award, reprints

must be received by 1 June 1993.


